Introduction
Symptomatic osteoarthritis (OA) affects 10% of people aged over 60 years and is the leading global cause of years lost to disability in older people. 1, 2 Musculoskeletal problems are the commonest reason for consultation in primary care, and OA accounts for 15% of these in people aged 45 years and over. 3 OA leads to significant impairments of quality of life, 4 locomotor function, 5 social participation 6 and economic productivity. 7 The foot was included in early descriptions of generalized OA, 8 yet most subsequent OA research has focused on the knee, hip and hand. A systematic review of population-based epidemiological studies of radiographic foot OA published in 2010 identified only 27 publications arising from 22 studies. 9 This contrasts greatly with the findings of similar reviews published 2 years earlier which identified 176 population-based epidemiological studies of radiographic hand OA 10 and 190 studies that had applied the Kellgren and Lawrence (K&L) grading system to knee OA. 11 A Cochrane review published in 2010 included only one randomized trial of interventions for first metatarsophalangeal (MTP) joint OA. 12 OA seems likely to be a significant cause of foot pain in older people, in whom painful foot disorders are major contributors to restricted activity, locomotor disability, poor balance and risk of falling, and account for a substantial number of healthcare consultations. [13] [14] [15] [16] The prevalence and incidence of foot pain and related disability increase with age. Foot pain affects one in four people aged over 75 years, two-thirds of whom have related locomotor disability. 15, 17, 18 One in 10 people aged over 70 years will develop new disabling foot pain over a 3-year period. 19 A significant barrier to the study of foot OA has been the lack of a foot-specific grading system to define radiographic foot OA. The majority (90%) of studies included in the recent systematic review used the K&L grading system which is widely used to grade radiographic OA at a range of different joint sites. 20, 21 While a generic system such as K&L has the advantage of allowing prevalence and features of OA at different sites to be compared, it has been criticized for relying heavily on the presence of osteophyte and for grading features of OA in such a way that assumes osteophyte formation chronologically precedes joint space narrowing and subchondral sclerosis in the pathogenesis of OA. [22] [23] [24] A further shortcoming has been said to be inconsistent interpretation and application of the grades between studies. 11 A major recent advance therefore has been the advent of a foot-specific radiographic atlas and grading system to score radiographic features (osteophytes and joint space narrowing) of foot OA. 25 This atlas grades features of OA at five different foot joints: the first MTP, first and second cuneometatarsal (CMT), navicular first cuneiform (NC), and talonavicular (TN) joints ( Figure  1 ). These joints were chosen as they are easily visualized on dorsoplantar and lateral views and were considered by the authors to be the foot joints most commonly affected by OA. Hence, this atlas does not provide a means to grade OA occurring in the lateral column or hindfoot. It has the advantages, however, of scoring osteophytes and joint space narrowing separately (Figures 2 and 3 ) and requiring weight-bearing dorsoplantar and lateral views, addressing the observation that existing studies frequently failed to specify whether radiographs were weight-bearing or obtained only a single radiographic view. 9 Obtaining more than one view allows greater accommodation of the specific features of individual joints. For example, osteophytes at the TN joint are most commonly visualized on the lateral view, whereas joint space narrowing at the second CMT joint is more easily assessed on the dorsoplantar than the lateral view ( Figure 3 ). Osteophytes (absent = 0, small =1, moderate = 2, severe = 3) and joint space narrowing (absent = 0, definite = 1, severe = 2, joint fusion = 3) are scored separately on a 0-3 scale on both the dorsoplantar and lateral views. Radiographic OA is present at a specific joint if there is a score of at least 2 for either osteophyte or joint space narrowing on either the dorsoplantar or lateral view. Intra-rater reliability was moderate to excellent (weighted κ 0.45-0.95) whereas inter-rater reliability was lower (weighted κ 0.13-0.87), consistent with reliability studies at the hip and knee. 26 In this perspective review, we discuss recent advances in the published literature concerning the epidemiology, diagnosis and treatment of foot OA. Epidemiology of foot OA: prevalence and incidence The systematic review of population-based epidemiological studies of radiographic foot OA 9 identified seven studies that used similar methods to estimate the prevalence of radiographic OA affecting the first MTP joint. [28] [29] [30] [31] [32] [33] [34] Defining OA as a K&L grade 2 or above, the prevalence of radiographic first MTP joint OA ranged from 6.3% in rural African women aged 40 years and over 28 to 39% in women aged 35-64 years resident in Wensleydale, UK. 29 Radiographic first MTP joint OA was more common in women than men (Table 1) . Although few studies were identified that used the same definition to provide population prevalence estimates for radiographic OA at other sites within the foot, OA at these sites appeared to occur less frequently than at the first MTP joint. One study reported estimates for the prevalence of radiographic OA affecting the second to fifth MTP joints of 2% of men and 5% of women in Wensleydale, UK and 3% in both men and women in Jamaica. 29 Two studies have reported population prevalences from Zoetermeer in the Netherlands. 30, 31 In the first study of adults aged 45-64 years, the prevalence of radiographic OA was 4.3% in men and 5.4% in women at the second to fifth MTP joints, 4.3% in men and 5.0% in females at the tarsometatarsal joints, and 6.7% in men and 7.2% at the proximal interphalangeal joints. 30 In the second study of adults aged 19 years or over, similar prevalences of 3.4% in men and 4.7% in women at the second to fifth MTP joints, 3.1% in men and 3.3% in women at the tarsometatarsal joints, and 4.3% in men and 4.5% in women at the proximal interphalangeal joints were reported. 31 Much higher prevalences were reported for midfoot OA in a population of retirement village residents in Australia: first CMT joint 23%, second CMT joint 60%, NC joint 39%, TN joint 33%. 35 The studies identified by this review focused on the presence of radiographic OA without considering its contribution to symptoms. However, a recent population-based study has reported the prevalence of symptomatic radiographic foot OA, requiring the presence of pain and radiographic OA at the same location in the foot. The Clinical Assessment Study of the Foot recruited 5109 adults aged 50 years and over registered with four general practices in North Staffordshire, UK. 27 Defining radiographic foot OA using the foot atlas described above, the population prevalence of symptomatic radiographic foot OA was 16.7% [95% confidence interval (CI) 15.3%, 18 .0%]. The most commonly affected joint was the first MTP joint (7.8%; 95% CI 6.7%, 8.9%). Symptomatic radiographic OA at any one of the four midfoot joints included in the atlas affected 12.0% of participants (95% CI 10.9, 13.2). 36 The most commonly affected individual joint in the midfoot was the second CMT joint (prevalence 6.8%; 95% CI 5.7%, 7.8%), followed by the TN (5.8%; 95% CI 4.8%, 6.9%), NC (5.2%; 95% CI 4.0%, 6.4%) and first CMT (3.9%; 95% CI 2.9%, 4.9%) joints (see Figure 1) . 27 There have been far fewer population-based estimates of the incidence of radiographic foot OA. In the Clearwater Osteoarthritis Study, a community-based longitudinal cohort study of risk factors for the development and progression of OA in 1592 adults aged 40-91 years who were free of radiographic first MTP joint OA (defined as K&L grade ⩾2) at baseline, 25% developed first MTP joint OA in the left foot and 27% in the right foot over an average follow up of 7 years. 37 Phenotypes of foot OA and associated risk factors As summarized above, most studies to date have focused on the first MTP joint and have neglected other foot joints such as those in the midfoot. Hence, little is known about symmetry and clustering of OA at different joints in the feet. Better understanding of patterns of involvement across different joints in the feet and associated risk factor profiles has the potential to provide new insights into aetiology and the relative contributions of systemic and local biomechanical factors, and hence guide the development of new interventions for foot OA. In the Clinical Assessment Study of the Foot, radiographic OA clustered significantly within individuals more than was expected by chance when both feet were considered together but not for the left or right foot separately. 38 Radiographic first MTP joint OA most commonly occurred in isolation from the other joints in the affected foot, whereas OA in the midfoot joints tended to co-occur with OA in other joints in the same foot. Involvement was highly symmetrical, with the NC joint being the most likely to be affected symmetrically. Latent class analysis identified three distinct classes of foot OA in the cohort of 560 people with foot pain: no/ minimal foot OA (64%), isolated first MTP joint OA (22%), and polyarticular foot OA (15%). The isolated first MTP joint class had high probabilities of radiographic OA in the first MTP joint in both the left and right feet, but low probabilities of midfoot involvement. The polyarticular class had medium-to-high probabilities of OA in both second CMT and NC joints with medium probabilities of OA in the TN joints and first MTP joints. The isolated first MTP joint and polyarticular foot OA classes were significantly older than the no/minimal foot OA subgroup. The polyarticular class had a higher probability of being female and having nodal hand OA, and more persistent and severe pain, greater functional impairment and higher BMI than the other classes. The association of the polyarticular class with female gender and nodal OA raises the possibility that polyarticular foot OA could be a form of generalized OA. 39 Since first MTP joint involvement was common both as an isolated phenomenon and in association with midfoot OA, it is also possible that isolated first MTP joint OA is a precursor to more widespread polyarticular foot OA. However, longitudinal studies are required to examine this.
A number of studies have investigated the association between foot posture and radiographic first MTP joint OA. A systematic review of case-control studies of structural factors associated with hallux rigidus/limitus found two studies that reported no difference in arch height between people with and without hallux rigidus/limitus. 40 In contrast, in the Clinical Assessment Study of the Foot, three measures of static foot posture each showed a trend of a flatter or more pronated foot with more severe radiographic first MTP joint OA. 41 There was also a dose-response relationship between radiographic severity and hallux valgus, first interphalangeal joint hyperextension, dorsal keratotic skin lesions, and reduced range of first MTP joint dorsiflexion, ankle/subtalar joint eversion and ankle joint dorsiflexion, suggesting that first MTP joint OA has structural and biomechanical consequences for the whole foot-ankle complex. Prospective data from the Clearwater Osteoarthritis Study found that having a hindfoot valgus deformity of greater than 5º was a risk factor for subsequent development of radiographic first MTP joint OA. 37 It has been postulated that excessive foot pronation increases plantar fascial tension, which in turn impairs hallux dorsiflexion and predisposes to first MTP joint OA. 42 The Clearwater Osteoarthritis Study also found that radiographic OA affecting the knee, finger interphalangeal joints and first carpometacarpal joints occurs more commonly in people with first MTP joint OA, again suggesting that foot OA may be a component of generalized OA. 32 Although isolated midfoot OA appears to be an uncommon phenomenon, symptomatic midfoot OA was found to be more common in females, in lower socioeconomic classes and with older age in the Clinical Assessment Study of the Foot, but was also associated with obesity, previous injury and pain at all other weight-loaded joint sites, but not nodal interphalangeal joint OA. 36 Furthermore, patients with midfoot OA have flatter feet and higher midfoot plantar pressures during barefoot walking than controls without midfoot OA, and these plantar pressures have been shown to correlate with midfoot pain severity. 36, [43] [44] [45] These findings fit with a hypothesis that mechanical loading may play an important role in the aetiology of symptomatic and structural midfoot OA. Different studies have reported that the second CMT joint is more commonly affected by symptomatic and radiographic OA by other joints in the midfoot. 25, 27, 35, 36 The anatomical location of the second CMT joint at the apex of the transverse arch and its recessed position relative to the first and third metatarsals potentially render it more vulnerable to adverse mechanical stresses. 46 Diagnosis of foot OA Plain radiographs are widely used to diagnose foot OA in clinical practice. Attempts to develop robust clinical diagnostic prediction rules have been more successful at the first MTP joint than the midfoot. In a study of 181 people with first MTP joint pain, a diagnostic rule incorporating pain duration greater than 25 months, the presence of a dorsal exostosis, hard end-feel, crepitus and less than 64º of first MTP joint dorsiflexion was found to accurately predict the presence or absence of first MTP joint OA. 47 The presence of three or more of these five features had a sensitivity of 88%, specificity of 71%, accuracy of 84%, positive likelihood ratio of 3.07 and negative likelihood ratio of 0.17. In contrast, a study of 274 adults aged 50 years and over with midfoot pain found that brief clinical assessment added little to demographic and anthropometric characteristics in the differentiation of people with and without radiographic midfoot OA. 48 Although the presence of radiographic midfoot OA was associated with a number of measures of static foot posture and range of movement, the final model retained only the arch index (a measure of static foot posture derived from a carbon paper foot imprint 49 ) in addition to age, gender and body mass index. However, the sensitivity and specificity of this final model were 30% and 88%, respectively. At present, therefore, the diagnosis of symptomatic midfoot OA continues to require imaging to augment clinical history and examination.
Management of foot OA
Management of foot OA generally commences with conservative interventions, including analgesic or anti-inflammatory medications, intra-articular injections, physical therapy, footwear modifications and foot orthoses. [50] [51] [52] [53] If these treatments are ineffective, surgical options may be considered. However, in contrast to OA affecting other body regions, the body of evidence examining the effectiveness of treatments for foot OA is meagre. A Cochrane systematic review published in 2010 found only one randomized trial of physical therapy for the treatment of first MTP joint OA. 12 Since the publication of this review, two conservative trials 54, 55 and one surgical trial 56 for first MTP joint OA have been completed, but only one pilot trial has so far been conducted for midfoot OA. 57 Clinical guidelines for the treatment of first MTP joint OA have been published by the American College of Foot and Ankle Surgeons, 58 but no such guidelines are available for midfoot OA.
Nevertheless, clinical audit data suggest that many patients appear to benefit from conservative treatment. In a 14-year follow-up study of 22 people with first MTP joint OA who had elected not to have surgery, only one reported that their pain had worsened over time, and 16 (73%) would still choose not to have surgery if they had to make the decision again. A large proportion of these patients had changed their footwear to that with more room in the toe-box, suggesting that selection of appropriate footwear may be a sufficient stand-alone treatment in some individuals. 59 Similar findings were reported by Grady and colleagues, 60 who reviewed 772 cases of first MTP joint OA over a 7-year period and reported that just over half were successfully managed with conservative care alone, defined as a marked reduction in discomfort and return to previous activity levels. Of these, 84% were managed with foot orthoses, 10% with intra-articular corticosteroid injections and 6% with a change in footwear.
Pharmacological management
Oral non-steroidal anti-inflammatory drugs (NSAIDs) are the most widely used first-line pharmacological treatment for OA. Only one study has specifically evaluated the effectiveness of NSAIDs for foot OA, concluding that piroxicam and naproxen were similarly effective at reducing pain over an 8-week period. 61 Nevertheless, it is reasonable to assume that the findings from studies of OA in other joints are broadly generalizable to the foot. The most recent network meta-analysis of 74 randomized trials of eight medications (seven different NSAIDs and paracetamol) in people with knee or hip OA concluded that all NSAIDs were more effective at reducing pain compared to placebo. Diclofenac at the maximum daily dose of 150 mg/day was found to be more effective than the maximum doses of frequently used NSAIDs such as ibuprofen, naproxen and celecoxib, while paracetamol was not effective at any dose. 62 However, choice of NSAID for individual patients should be informed by considerations of their comparative side-effect profiles in the context of the patient's comorbidities as well as the likelihood of effectiveness.
Topical medications are also commonly used in the management of foot OA, particularly when there are concerns regarding the gastrointestinal and cardiovascular side effects of oral NSAIDs. However, to our knowledge, there are no studies of topical therapies for foot OA. Evidence from systematic reviews suggests that topical diclofenac and ketoprofen are effective at reducing pain in knee OA, 63 and capsaicin, the neurotoxin derived from chilli, reduces pain in both knee and hand OA. 64 However, salicylate-containing rubefacient creams do not appear to be effective in the management of symptoms associated with OA. 65 
Intra-articular injections
A wide range of intra-articular preparations have been trialled for the treatment of OA, the most widely used being corticosteroid injection. In people with knee OA, meta-analyses indicate that intra-articular injection of corticosteroid produces moderate improvements in pain but only small improvements in physical function up to 6 weeks following treatment. 66 No placebo-controlled trials of intra-articular corticosteroid have been conducted for foot OA. However, a clinical audit of 73 people with midfoot OA and 22 with first MTP joint OA reported that corticosteroid injection was effective at reducing pain in the short term, although between 30% and 50% of patients required surgery within 2 years. 67 Similarly, a case series of 59 patients with midfoot OA who underwent ultrasound-guided corticosteroid injection reported that while 78% of patients experienced pain relief at 2 weeks, this had reduced to 15% at 3 months post-injection. 68 Viscosupplementation, the intra-articular injection of a lubricating fluid (hyaluronan) with the aim of restoring the viscoelasticity of the synovial fluid, has attracted considerable interest in recent years. However, the effectiveness of this treatment is uncertain. 69 Two case-series studies of viscosupplementation for first MTP joint OA reported significant reductions in joint pain, 70, 71 and one small randomized trial of 37 patients with hallux rigidus or hallux valgus reported that hyaluronan injection was more effective at reducing gaitrelated pain than corticosteroid injection. 72 However, the only randomized controlled trial so far undertaken found intra-articular injection of hyaluronan to be no more effective at reducing pain (using the pain subscale of the Foot Health Status Questionnaire) than a saline placebo in the treatment of 151 people with first MTP joint OA. 54 No randomized trials of viscosupplementation have yet been undertaken for midfoot OA.
Physical therapy
Mobilization of the sesamoid apparatus and strengthening of hallux plantarflexors may provide some benefit in the conservative management of first MTP joint OA. Shamus and colleagues 73 conducted a small trial in which one group of patients were provided with whirlpool, therapeutic ultrasound, first metatarsophalangeal joint mobilization, calf stretching, toe-strengthening exercises, cold packs and electrical stimulation, and the second group were provided with each of these interventions in addition to distal gliding mobilizations of the sesamoids, hallux plantarflexor-strengthening exercises and gait training. After 12 therapy sessions, the group who received the sesamoid mobilizations exhibited greater improvements in first MTP joint range of motion, toe flexor strength and pain levels (using a 0-10 verbal analogue scale).
Manipulation may also be performed in conjunction with corticosteroid and local anaesthetic injection for first MTP joint OA, although the therapeutic benefits of this technique appear to be limited to milder forms of the condition. Solan and colleagues 74 reported that patients with mild OA obtained symptomatic relief for a median of six months, and only one-third required surgery. However, in more advanced cases, little symptomatic relief was obtained and all patients eventually required surgery.
Footwear
Footwear modification plays a key role in the conservative management of foot OA, by modifying the load distribution of the foot when walking. In individuals with first MTP joint OA, pain generally occurs during the propulsive phase of gait when the proximal phalanx is compressed against the first metatarsal head. This can be addressed using a footwear modification known as a rockersole, in which the sole of the shoe is curved. 75 The aim of this modification is to allow the body's centre of mass to 'roll over' the base of support, reducing the need for first MTP joint dorsiflexion. Biomechanical studies indicate that wearing rocker-sole shoes reduces peak pressure under the first MTP joint by 12% in individuals with OA, 76 and a recent randomized trial comparing rockersole shoes with prefabricated foot orthoses in 102 people with first MTP joint OA found that both groups demonstrated a significant reduction in symptoms over a 12-week period. For the rockersole group, the Foot Health Status Questionnaire pain score improved by 22 points, which exceeds the minimal important difference for this outcome measure (13 points). 55 
Foot orthoses
Foot orthoses are inserts placed inside the shoe with the goal of altering the magnitude and location of forces acting on the plantar surface of the foot. For foot OA, two main types of orthosis are commonly used: (1) shoe-stiffening inserts, which are manufactured from a flat, thin, semi-rigid material and generally extend the full length of the shoe; and (2) contoured orthoses, which contour the arch of the foot and generally extend just proximal to the metatarsal heads.
In individuals with first MTP joint OA, the objective of shoe-stiffening inserts is to reduce dorsiflexion at the first MTP joint during the propulsive phase of gait, thereby reducing dorsal compression at the joint. 77, 78 A recent case-series study of 31 participants with first MTP joint OA found clinically worthwhile improvements in foot pain and foot-related disability over a 3-month follow-up period, 79 and a 12-month randomized controlled trial is currently underway to evaluate the effectiveness of this treatment compared to a flexible 'sham' insert. 80 Contoured orthoses aim to support the medial longitudinal arch and often feature a cutout section beneath the first metatarsal head, which allows the first metatarsal to plantarflex and minimize joint compression during propulsion. Evidence to support the effectiveness of contoured orthoses for first MTP joint is limited to a case series of 32 participants 81 and one recent randomized trial that demonstrated equivalent pain reduction to rocker-sole footwear, but with fewer adverse events and greater adherence. 55 Both shoe-stiffening inserts and contoured foot orthoses have also been evaluated in individuals with midfoot OA. The objective of orthotic treatment is to control excessive rearfoot eversion and support the medial longitudinal arch, as it has been shown that individuals with midfoot OA have more pronated feet and generate higher loads under the midfoot when walking. 43, 44 A case-series study of 20 participants treated with full-length carbon fibre inserts reported significant improvements in self-reported pain and function (using the Foot Function Index outcome measure) over a 4-week period, 45 although no change in plantar loading was observed. More recently, a pilot randomized trial demonstrated significant improvements in pain and function in individuals with midfoot OA treated with semi-rigid contoured orthoses compared to a sham insert over a 12-week period, with kinematic analyses indicating that the contoured orthosis inverted the rearfoot and increased support under the midfoot. 57 Surgery Surgical intervention for foot OA may be indicated in individuals with advanced disease or in those whose symptoms have failed to resolve with conservative therapy. For first MTP joint OA, there are three main categories of surgical procedure: (1) joint preservation procedures such as cheilectomy which involve the removal of the dorsal exostosis from the metatarsal head and proximal phalanx and debridement of the degenerative articular cartilage; (ii) implant arthroplasty, which involves resecting a proximal portion of the proximal phalanx, remodelling the metatarsal head and inserting a metallic or silicone joint prosthesis; and (iii) arthrodesis, which involves the resection of cartilage from the metatarsal head and proximal phalanx and fusion of the joint using internal fixation. 82 Currently, no surgical treatment algorithm for first MTP joint OA has reached broad consensus. As a general rule, however, joint-preserving procedures are considered more appropriate for early OA, while arthrodesis is preferable for end-stage OA or as a revision procedure. 83 Cheilectomy has been shown to increase dorsiflexion range of motion at the first MTP joint and is associated with high levels of patient satisfaction (72-90%). [84] [85] [86] [87] [88] [89] However, this approach does not appear to alter the degenerative process, so recurrence of the dorsal osteophyte is common. [85] [86] [87] [88] Implant arthroplasty was first introduced in the 1950s, and several designs and materials have been trialled with mixed results. 82 Early implants were associated with high rates of mechanical failure, formation of exogenous bone around the implant, loosening of the phalangeal component and reduction in first MTP joint plantarflexion. 90 Recent implants using more durable materials and more biomechanically optimal designs have achieved better structural outcomes, although formation of exogenous bone remains a common complication. 91 Finally, arthrodesis remains the gold standard surgical treatment for end-stage first MTP joint OA, with successful patientreported outcomes ranging from 77% to 100%. [92] [93] [94] Following this procedure, however, the first MTP joint is fixed in dorsiflexion, so the selection of the optimum angle of dorsiflexion is a critical consideration. Inadequate dorsiflexion may impair normal propulsion when walking, while excessive dorsiflexion may lead to dorsal impingement of the hallux from footwear. Generally, the first MTP joint is fixed in 10-15º of dorsiflexion; however, this may be increased in female patients to enable the wearing of moderate heeled footwear. 95 Complications associated with arthrodesis include transfer lesions, metatarsalgia, non-union and development of interphalangeal joint OA. 82 Only two randomized trials have been conducted to assess the efficacy of surgical procedures in people with first MTP joint OA associated with hallux rigidus. The first compared arthrodesis to implant arthroplasty, and reported better outcomes in the arthrodesis group, due primarily to the high rate of loosening of the phalangeal component of the implant. 96 More recently, a multi-centre noninferiority clinical trial compared a new synthetic cartilage implant to arthrodesis in 202 people with hallux rigidus, and reported the two techniques to have equivalent outcomes in relation to pain relief and physical function. 56 Finally, a trial has recently been registered to compare the effectiveness of arthrodesis compared to proximal phalanx hemiarthroplasty. 97 Surgical management of midfoot OA generally requires arthrodesis of the affected joints, although most studies have evaluated traumatic midfoot OA as a result of Lisfranc injury. 51 Three case-series studies including patients with atraumatic midfoot OA have reported high levels of patient satisfaction following tarsometatarsal or midtarsal arthrodesis, with the most common complications being sesamoid pain, metatarsal head pain, metatarsal stress fracture and nonunion, particularly in older people. [98] [99] [100] The majority of surgical cases require fusion of the medial column midfoot joints (i.e. the first CMT, second CMT and the NC joints), which reflects the observation that lateral column involvement is less common. In small case-series studies of patients with lateral column involvement, good results have been reported following arthrodesis 101 
